Background -A study was performed to evaluate the effect of discontinuation of nasal continuous positive airway pressure (NCPAP) treatment on snoring characteristics. Methods -Eighteen non-apnoeic snoring subjects were randomly allocated to either a no treatment control group or an NCPAP treatment group. The control group was studied twice (baseline and day 30 of follow up). In the NCPAP group the level of NCPAP that abolished snoring was determined and patients were placed on NCPAP every night for one month. A sleep study was performed on the first night without NCPAP after completing 30 days of treatment (follow up 1). A fourth polysomnographic study was performed 8-10 days after NCPAP was stopped (follow up 2) in six subjects. Results -In both groups total sleep time (TST) and sleep architecture remained unchanged at the different visits. Baseline snoring characteristics in the two groups were similar. In the control group the mean (SE) number of snoring episodes/hour of sleep (snoring index) and the percentage of TST > 60 decibels (dB) were 380 (36)/h and 11-1 (2-0)% TST respectively at baseline, and was unchanged at follow up. In the NCPAP group the snoring index decreased from 387 (50)/h to 320 (57)/h after NCPAP therapy, but the % TST >60 dB decreased from 10-3 (1P8)% to 7-4 (15)%. The snoring index and intensity returned to baseline values at follow up 2 (374 (74)/h, 9-8 (2-1)% TST). Changes in snoring characteristics could not be explained by changes in body position between the different sleep studies. Conclusions -NCPAP improves snoring but this effect is lost soon after stopping treatment. (Thorax 1994;49:562-566) Nasal continuous positive airway pressure (NCPAP) was first proposed as a treatment for the sleep apnoea hypopnoea syndrome in 19811 and it is still considered the most effective treatment for this condition. Besides its dramatic effects on sleep related obstructive breathing disorders, NCPAP Recent reports suggest that the benefits of NCPAP may continue after its cessation in patients with the sleep apnoea hypopnoea syndrome,56 and that this prolonged effect can be attributed to an improvement in upper airway patency.7 The transient improvements in sleep related obstructive breathing disorders seen after NCPAP could be explained by a selfaggravation of these events by upper airway tissue damage that is reversible when an effective treatment is applied. The aim of the study was to verify if an improvement in snoring characteristics seen after NCPAP would occur in non-apnoeic snorers.
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Methods

SUBJECTS
Eighteen non-apnoeic snoring subjects (16 men, two women, age range 25-64 years, mean (SE) body mass index: 29 1 (1 0) kg/M2) were included in the study. Four were smokers. All had a history of regular snoring confirmed by family or friends and were free of upper airway infection throughout the study. In order to exclude the diagnosis of the sleep apnoea hypopnoea syndrome all the patients had a previous polysomnographic study (apnoea + hypopnoea index: 3 7 (0-8)/h) with snoring measurement. None had undergone treatment for snoring nor were any taking medication at the time of the study.
PROTOCOL
Patients were randomly allocated to two groups paired for snoring index (see below). One group (control) received no specific treatment but underwent a second polysomnographic study 30 days after the initial study (follow up). In the other group (NCPAP group) patients were treated at home by NCPAP every night for 30 days. Three patients in this group stopped the treatment after a few days because of discomfort and were replaced by patients with identical snoring indices. The NCPAP level was determined during a second sleep study performed within a few days of the first study. Positive pressure level was increased until snoring was abolished. NCPAP equipment was provided by ARS Vital Aire (Montreal, Quebec, Canada). Subjects were asked to contact the sleep laboratory if they had any trouble with the apparatus. A third sleep study was obtained on the first night without NCPAP after the 30 days of treatment (follow up 1). Six subjects from the NCPAP group also agreed to a fourth study 8-10 days after the end of the NCPAP period (follow up 2). Subjects were asked to avoid alcohol consumption for a minimum of 12 hours before each recording session. The experimental protocol was approved by our ethics committee, and each subject provided signed informed consent prior to participation in the study.
RECORDING PROCEDURE
The same procedure was used as previously described.8 Two microphones (Shure SM 58, Evanston, Illinois, USA) were placed symmetrically on each side of the bed, 70 cm above the bed surface and 85 cm apart, and angled to point directly toward the centre of the bed at the normal head position. The signal was preamplified, mixed, equalised (see Calibration procedure) and analysed with a spectrum analyser (RTA SA 3050, Audio Control, Mountlake Terrace, Washington, USA) to get the snoring sound pressure level (decibel: dB SPL). The SPL was displayed on the Grass recorder and transferred to a microcomputer at a 60 Hz sampling frequency for automatic interpretation of the SPL data. The snoring recording was started at sleep onset and interrupted during the night for every nocturnal awakening. To take into account the acoustic characteristics of the recording system (variations due to the acoustic resonances of the bedroom as well as the recording system) a calibration of the sound signal preceded the sleep studies.8 An equalisation procedure was performed on a Pink Noise (PN) generated by a speaker (Koss M65, Koss Corporation, Milwaukee, Wisconsin, USA) placed at the normal head position and measured at 77 dB SPL by a calibrated microphone (Audio Control CM 10) with the RTA spectrum analyser before each recording session. It consisted of adjusting the different frequency bands of a third octave graphic equaliser (DOD R 831, Salt Lake City, Utah, USA) until the RTA display of 77 dB SPL PN gave a flat + 2 dB SPL response from 80 and 16 000 Hz. The sensitivity of the equaliser was then adjusted to give the PN an intensity of 77 dB SPL. Following this procedure the equalised signal of the breathing noise was analysed by the spectrum analyser and transferred to the computer for interpretation. This was done after the calibration of the acquisition program had been checked by determining the computer measured SPL of one minute 77 dB SPL PN recording. When taking into account the accuracy of each component of the recording system and the error related to variation in the distance between the subject and microphone, the cumulative error was estimated at + 2 dB. DATA Since the number of visits differed between the two groups, the results obtained in the control and NCPAP groups were compared separately. Since our data were normally distributed, parametric tests were used. Data expressed as percentages were transformed to obtain an underlying normal distribution. '5 Baseline results of the two groups were compared by the unpaired t test. In the control group baseline and follow up results were compared with a paired t test. The results obtained at the different visits in the NCPAP (table) . The decrease in the snoring index after NCPAP therapy from 387 (50)/h to 320 (57)/h was not significant ( figure, A) . The % TST > 60 dB SPL improved significantly at follow up 1 (% TST >60dB SPL 103 (1 8)% at baseline and 7A4 (1 5)% at follow up; p = 002) (figure, B). This improvement was observed for sound pressure levels up to 69 dB SPL. The mean snoring level significantly decreased from 66 4 (0 3) dB SPL to 65 0 (0 3) dB SPL. The snoring index had returned to baseline values at follow up 2 (374 (74)/h), and the snoring intensity and mean snoring level had also returned to baseline values (% TST >60dB SPL 98 (2 1)% and 65-7 (04)dB SPL respectively). To determine whether our results could be explained by differences in body position between sleep studies we examined the relation between snoring characteristics (snoring index, % TST > 60 dB SPL, mean snoring level) and the % TST supine. There was no correlation between these variables at baseline and at the follow up visits.
Discussion
Our results show that snoring intensity transiently improves after stopping NCPAP, suggesting that snoring has a reversible component.
The nine subjects in the NCPAP group confirmed that they used the equipment every night during the study period and the three patients who did not tolerate it were replaced. The changes in body position could not account for the improvement in snoring after treatment, and we are confident that our results are not explained by position changes. For these reasons we believe that the improvement was due to NCPAP.
Our study was designed to take into account spontaneous variations in snoring characteristics. We could have used a single blind study using an ineffective NCPAP level in the control group, but several reasons justify our choice: (1) snoring was abolished with a 3 cm H2O pressure level that is the minimal pressure level provided by the NCPAP machines; (2) the lack of efficacy would be obvious to the patients after the first night of home treatment; (3) the compliance with treatment might be poor in the control group sleeping with an ineffective treatment. In our control group snoring frequency and intensity were unchanged despite spontaneous variations in these variables. This variability was less during NCPAP, accounting for the improvement that we noted.
NCPAP was generally well tolerated in our subjects but no subjective change in their sleep quality was reported. In our experience and that of others, the compliance with NCPAP depends on the degree of excessive daytime sleepiness and on its improvement with treatment.'6 For these reasons long term NCPAP probably does not represent a practical approach to the treatment of asymptomatic snorers. The improvement in snoring characteristics after 30 days of NCPAP treatment was modest. The severity of snoring during polysomnographic recordings may be overestimated compared with home sleep studies,8 however, and it is possible that we underestimated the decrease in snoring frequency and intensity during recovery after NCPAP treatment. This is supported by the fact that patients from the NCPAP group reported an improvement at home during the nights after stopping treatment compared with the pretreatment nights. In the sleep apnoea hypopnoea syndrome an improvement in apnoeic/ hypopnoeic events is observed after six months of treatment with NCPAP,56 and in our study an improvement occurred after one month. It is not known if the improvement after NCPAP depends on the duration of treatment, and whether similar results could be obtained after a shorter length of treatment. Our results confirm that repetitive arousals can occur in non-apnoeic snorers and that NCPAP effectively corrects these abnormalities.'9 It is possible that the elimination of sleep fragmentation improves neuromuscular control of the pharynx. The continuing effects of NCPAP on snoring occurred, however, despite a return of the arousal index to the pre-NCPAP level after the NCPAP interruption.
We conclude that the beneficial effects of NCPAP on snoring can persist after its discontinuation. Reversible factors that aggravate snoring may be involved in a progressive in- 
